Some previous epidemiological studies have suggested that pesticide exposure during pregnancy may have a possible role in the development of childhood brain tumors (CBT). We pooled data from two French national population-based, case-control studies to investigate the association between maternal residential use of pesticides during pregnancy and the risk of CBT. The mothers of 437 CBT cases and 3,102 controls aged under 15 years who resided in France at diagnosis/interview, frequency-matched by age and gender, answered a structured telephone interview conducted by trained interviewers. Unconditional logistic regression was used to estimate pooled odds ratio (OR) and 95% confidence intervals (95% CI). CBT was significantly associated with the maternal home use of pesticides during pregnancy (OR 1.4, 95% CI 1.2-1.8) and, more specifically, with insecticide (OR 1.4, 1.2-1.8). We could not draw any conclusions about herbicides and/or fungicides because few women used them during pregnancy and most of these mothers also used insecticides. Although potential recall bias cannot be excluded, our findings of this pooled analysis support the hypothesis that residential maternal use of pesticides during 
Introduction
Childhood brain tumors (CBT) which are the second most common childhood cancer, has one of the lowest survival rates among all childhood cancers. 1 In France, approximately 400 new cases are diagnosed each year with a slight predominance of boys. 1 Other than some genetic syndromes such as neurofibromatosis and high ionizing radiation, [2] [3] [4] [5] which account for <5% of the cases, 6 little is known about the etiology of CBT. Suspected risk factors include maternal dietary intake of N-nitroso compounds, prenatal vitamin supplementation and residential pesticide exposure. 7 The early onset of CBT, especially for ependymoma, suggests that certain predisposing or initiating events during prenatal period or early childhood may have a role in disease development. One such exposure could be maternal exposure to pesticides during pregnancy. There is evidence that pesticides cross the fetal-placental barrier since residues of some insecticides have been found in umbilical cord blood, neonatal hair and meconium following maternal exposure during pregnancy. 8, 9 In addition, the International Agency for Research on Cancer (IARC) has classified more than 20 pesticide chemical compounds as potential human carcinogens. 10, 11 In regards to the literature, few studies [12] [13] [14] [15] [16] investigated the role of residential maternal exposure to pesticides may play in the occurrence of CBT. Comparison of the findings is complicated as the definitions of the exposure and of the time window of interest used have varied. Among three studies [12] [13] [14] which investigated maternal gestational exposure to household pesticides, two 12, 14 suggested an association with CBT, albeit not significant. Two other epidemiological studies used the broader definition of parental exposure to pesticide during the prenatal period without separating maternal from paternal exposure or the preconception period from the gestational period, and concluded that there was an increased CBT risk, 15, 16 but, again, not consistently because this was only for some pesticide types such as pest strips or chemicals used in flea/tick products. In addition, another study found an increased risk of CBT following professional pest control treatments in the year before and possibly during the index pregnancy. 17 The aim of our study was to investigate whether the maternal residential use of pesticides during pregnancy was associated with the risk of CBT, using pooled data from two French case-control studies ESCALE and ESTELLE, conducted by the same investigators with similar methodologies. In addition, we aimed to investigate whether associations varied by CBT subtypes.
Material and Methods
The ESCALE and ESTELLE studies were two nationwide population-based case-control studies which aimed to investigate environmental, infectious and genetic risk factors for several types of childhood cancer. The study design of both studies has previously been described in detail. 18 The ESCALE study included cases of leukemia, lymphoma, malignant CBT and neuroblastoma diagnosed over the period [2003] [2004] , while the ESTELLE study included cases of leukemia, lymphoma, malignant or benign CBT, neuroblastoma, Wilms' tumor and hepatoblastoma diagnosed over the period 2010-2011. For this article, we only include cases with a malignant CBT.
Study population
In both studies, the eligible cases were children aged <15 years who lived in France at the time of cancer diagnosis. The cases were identified directly using the French National registry of childhood cancer (Registre National des Cancers de l'Enfant, RNCE) and were recruited by their oncologist. The definition of a case was any child diagnosed with a malignant tumor in diagnostic group III according to the International Classification of Childhood Cancer -Third Edition (ICCC-3). 19 Where possible, the RNCE uses microscopic reports (85%) to classify CBT histological subtypes, while the remainder are classified based on imaging or clinical diagnosis. 20 Case children were ineligible if the biological mother was not available for interview, did not speak French or had serious psycho-social problems. For ethical reasons, case children who had died or were in palliative care were also ineligible.
The population of controls were children free from cancer, aged <15 years, who were recruited from the French population using quota-sampling methods (to ensure similar age and sex distribution to all cancer cases) by telephone What's new? The etiology of childhood brain tumor (CBT) remains unknown. Several perinatal factors are suspected to increase CBT risk, including maternal exposure to pesticides. In our study of malignant CBT, the authors found a positive association between maternal residential pesticide use (particularly of insecticides) during pregnancy, and malignant CBT. These results further implicate pesticides in the development of these cancers in children.
contemporaneously to cases. Supplementary quota using French population censuses were also applied to obtain the same distribution of the number of children under the age of 15 years living in the household than general population. Like for cases, control children were ineligible if the biological mother was not available for interview, did not speak French or had serious psycho-social problems.
Data collection and standardization
In both studies, data were collected using computer-assisted telephone interviews with case and control mothers, conducted under identical conditions. The average duration of the interview was around 50 min.
The trained interviewers who were blinded to case-control status used a standardized computerized questionnaire to gather information about socio-demographic information, medical and family histories and environmental exposures, including pesticides.
Mothers were asked if they had used pesticides (insecticides, herbicides or fungicides) during the index pregnancy. In addition, they were also asked where the insecticides were used, that is, inside the home, outside or on the garden, or for pets. The script used in ESCALE was modified for ESTELLE to also include questions about maternal use of pesticides in the 3 months before pregnancy and after the child's birth and any professional pest control treatments of the home in these time periods or during pregnancy.
Statistical analyses
Unconditional logistic regression (SAS 9.3, SAS Institute, Inc., Cary, NC) was used to estimate study-specific and pooled odds ratio (ORs) and 95% confidence intervals (95% CI), while polytomous logistic regression was used for analyses by CBT subtypes. In addition, analyses were conducted for "any glioma" (astrocytoma and other gliomas). All models included the study matching factors, age and sex and for pooled analyses, the indicator of study origin.
We tested the following variables as potential confounders: mother's education level, child's birth year, maternal age at child's birth, birth order, type of housing during the time period of interest and size of the urban unit of residence. Of these only the child's birth year, size of the urban unit of residence and type of housing were retained in the final models.
Between-study heterogeneity was tested using an interaction term between the specific study and the exposure of interest. Effect modification by the age at the key date (diagnosis for cases and date of interview for controls) (0-4 years/ 5-14 years), type of housing (apartment/house or farm) and urban/rural status were explored by doing stratified analyses and fitting interaction terms.
Sensitivity analyses were performed by excluding children with neurofibromatosis (10 cases, 2 controls), and whose parents were agricultural workers during pregnancy (20 cases, 154 controls). Because controls were recruited from a sample of landline phone numbers, we also excluded case mothers with no landline (restricted to ESTELLE as ESCALE cases were not asked this question). Finally, to evaluate impact of missing values for pesticide use data on our results, we performed a sensitivity analysis based on the "maximum bias" hypothesis, where the mothers with missing values for any pesticide use during pregnancy were considered as "nonusers" for cases and "users" for controls.
Results
The pooled sample consisted of 437 (86.0% of eligible) children with malignant CBT (209 from ESCALE and 228 from ESTELLE, 80.1% and 92.3% respectively of eligible) and 3,102 control children (77.1% of eligible); 1,681 from ESCALE and 1,421 from ESTELLE, 71.2% and 85.5% respectively of eligible). There were 62 cases of ependymomas, 68 astrocytomas, 206 embryonal tumors, 89 other gliomas and 12 other specified or unspecified CBT. The delay between the date of diagnosis and the mother's interview was between 5 and 8 months. Table 1 shows the main characteristics of all participants by individual study and for the pooled sample. As controls were chosen to match the age and sex distributions of the sample of all cancer cases, there were differences by age and sex for CBT, but there were at least five controls for each age and sex combination. Case children were more likely to live in more populated area than control children while their mothers were more likely to be younger and to have lived in an apartment during the pregnancy (Table 1) .
Comparability of cases and controls

Between-study heterogeneity
In the ESTELLE study, control mothers tended to be older when the index child was born and to be more highly educated. They also tended to live more often in a less populated area and in a house or farm (Table 1) .
Pesticide use
The prevalence of any maternal residential use of pesticide during pregnancy was 46.0% for case mothers and 39.0% for control mothers (Table 2 ). In the ESCALE study, the prevalence of use in this time period was 47.4% and 36.9% for case and control mothers respectively while it was 44.7% and 41.4% in the ESTELLE study. Among mothers who used any pesticides, most used insecticides either alone (85.1% and 83.9% of case and control mothers respectively), or with one of the other pesticides (11.9% and 11.2% case and control mothers respectively) (Results not otherwise shown). Conversely, herbicides or fungicides were rarely used ( Table 2) . Insecticides were most often used indoors.
The OR for maternal residential use of any pesticide during pregnancy was 1.4 (95% CI 1.2-1.8) ( Table 2 ). The OR for any maternal use of insecticide was 1.4 (95% CI 1.2-1.8) and 1.4 (95% CI 1.1-1.7) for their use indoors. No betweenstudy heterogeneity was found.
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There was little difference in OR stratified by age, with a significant association (OR 1.6, 95% CI 1.2-2.2) for children aged 0-4 years while for those aged 5-14 years the association was non-significant (OR 1.2, 95% CI 0.9-1.7) . However, no interaction was found (interaction p-values 0.28) ( Table  3) . The results were similar when stratified by the type of housing and urban/rural status (results not shown).
The estimates by histological subtype of CBT were not heterogeneous but were generally imprecise (Table 4) .
Information about maternal pesticide use before and after pregnancy and about professional pest control treatments was not available in the ESCALE study.
In the ESTELLE study, 31.1% of case mothers and 30.6% of control mothers used pesticides in all three time periods (3 months before pregnancy, during pregnancy and after child's birth) while few mothers (3.1% and 1.8% of case and control mothers, respectively) only used pesticide during pregnancy (data not tabulated), so we were not able to do analyses by individual time period. The ORs for any professional pest control treatments before, during pregnancy and after birth were 0.6 (95%CI 0.3-1.3), 1.1 (95%CI 0.5-2.1) and 1.5 (95%CI 0.9-2.5) respectively (results not otherwise shown), but these treatments were rare (10.1% in cases and 5.8% in controls after birth and less in other time periods).
Sensitivity analyses
The results did not change after excluding children with neurofibromatosis or whose mother was an agricultural worker during pregnancy. Data about maternal pesticide use at home Abbreviations: CI, confidence interval; OR, odds ratio. 1 OR and 95% CI estimated by unconditional logistic regression models adjusted for the matching variables (age, sex), birth year, type of housing during pregnancy, degree of urbanization and study origin. 2 The reference group for all these analyses were those who did not use any pesticides during pregnancy. Abbreviations: CI, confidence interval; OR, odds ratio. 1 OR and 95% CI estimated by unconditional logistic regression models adjusted for the matching variables (age, sex), birth year, type of housing during pregnancy, degree of urbanization and study origin. 2 The reference group for all these analyses were those who did not use any pesticides during pregnancy.
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during the index pregnancy were missing for 4.8% in cases and 2.6% of controls. In the sensitivity analyses conducted using the "maximum bias" method, the association between maternal pesticide use during pregnancy and CBT was still observed (OR 1.2, 95% CI 1.0-1.5) (results not otherwise shown). In the ESTELLE study (the only study with these data), the results did not change when cases without a landline telephone were excluded (21.9% of cases).
Discussion
Our study mainly suggests that maternal residential use of pesticides and, more specifically, insecticides during pregnancy may be associated with an increased risk of CBT. As few mothers only used fungicides and herbicides during pregnancy, we cannot draw any conclusion about the impact of their use.
Comparison to other studies is difficult because of differences in definitions of exposure (e.g., household "use" and household "exposure") and in the time window of interest (e.g., prenatal and gestational), and also about who was exposed (mother or either parent). Like in our study, three previous US studies defined the exposure of interest as "maternal household use of pesticides during pregnancy." Preston-Martin et al. reported an OR of 1.5 (p 5 0.08) for CBT with any maternal pesticide use during pregnancy, 12 while Davis et al. reported an OR of 1.5 (95% CI 0.6-3.9) with maternal insecticide use in garden and an OR of 1.1 (95% CI 0.5-2.5) for maternal herbicide use on yard during pregnancy. 13 Bunin et al. observed no association between maternal household pesticide use during pregnancy and primitive neuroectodermal tumor (OR 5 0.7, 95% CI 0.4-1.4) or astrocytic gliomas (OR 5 1.5, 95% CI 0.8-2.7).
14 Using another time period of exposure, Shim et al. found no association with maternal household use of insecticides from 2 years prior to birth until diagnosis/inclusion. 21 Unlike us, an Australian study 17 found a positive association between professional pest control treatment in the home during pregnancy and CBT (OR 1.52, 95% CI 0.99-2.34). However, the prevalence of this exposure in Australia was much higher than in our study (5.3% and 12.3% among controls in ESTELLE and Aust-CBT, respectively).
Three meta-analyses have investigated the role of maternal pesticide exposure on the risk of CBT with different time windows of exposure. Vinson et al. 22 reported a slightly and non-significantly increased risk of CBT with maternal residential or occupational exposure to pesticides during the prenatal period, while Kunkle et al. 23 like us, reported an association with maternal household pesticide exposure (as distinct to maternal use) during the index pregnancy. However, both meta-analyses included a study of neuroblastoma, which are not CBTs, but the summary ORs did not change when we replicated the Kunkle meta-analysis excluding our study. 24 More recently, like us, Van Maele-Fabry et al. reported a similar significant association between parental household pesticide or household insecticide exposure Astrocytomas and other gliomas ICCC-3 subgroups combined. 2 Odds ratios (OR) and 95% confidence interval (95% CI) estimated by multinomial logistic regression models adjusted for age, sex, birth year, type of housing during pregnancy, degree of urbanization and study origin. 3 Odds ratios (OR) and 95% confidence interval (95% CI) estimated by logistic regression models adjusted for age, sex, birth year, type of housing during pregnancy, degree of urbanization and study origin.
during prenatal period and CBT (OR 1.29, 95% CI 1.14-1.46), based on 18 studies. 25 This high quality meta-analysis also found a positive and significant association between parental household pesticide exposure and childhood gliomas. However, their meta-analyses focused on prenatal parental exposure to pesticides, which is different from our focus which was specifically maternal exposure to pesticides during pregnancy. 25 Despite the differences in definitions of both exposure (household exposure 26 ) and time periods of interest (only last 3 months of pregnancy, 15 or combined before and during pregnancy 16 ), our findings are consistent with these other previous studies, although their findings were imprecise and based on smaller samples (ranging from 75 to 255 cases).
To support our findings, one SEARCH study pooled data from seven individual studies 27 which investigated maternal occupational pesticide exposure during pregnancy reported a positive association with CBT, while in the Aust-CBT study, maternal occupational exposure was too rare for ORs to be estimated. 17 In 2013, a meta-analysis which included 17 studies (among them two studies included in the SEARCH analyses 27, 28 ), reported no association between occupational maternal pesticide exposure during pregnancy and the risk of CBT. 29 Our hypothesis that maternal pesticide exposure during pregnancy could increase the risk of CBT is biologically plausible. "Pesticide" refers to a heterogeneous group of active substances intended to destroy, control or repel any living organisms (insects, plants, fungi and other pests) considered harmful to other living organisms. 30 Many pesticide compounds as well as occupational spraying and application of insecticides are classified as probable carcinogens.
10,11 Furthermore, there is evidence that some insecticides such as carbamate (propoxur) and organophosphate (chlorpyrifos and diazinon) insecticides can pass through the feto-placental barrier and thus expose the fetus. 8, 9 Although household pesticides are often composed of different active molecules and each of them has its own properties, we were unable to account for this as we classified pesticides by main application types, namely insecticides, herbicides or fungicides because we thought that this classification would be more accurately recalled by mothers. In our study, insecticides used indoors was the most common type of pesticide used during pregnancy with a high prevalence (>30% for controls). While our study was not able to identify the actual chemicals used by mothers, it is likely that these could include organophosphate or pyrethroid insecticides, which are widely used in residential areas. 31 Fetuses and young children may be especially vulnerable to these insecticides because of their immature nervous systems and their rapid dividing cells. 32 Nevertheless, we could not find any evidence in the literature of pyrethroids passing through the placental barrier.
Our study has several strengths. Cases were identified in pediatric oncology units using the RNCE which has a high degree of completeness, limiting case selection at the identification stage. CBT diagnoses were, in most cases, validated by histological confirmation, thus limiting classification errors. The delay between the date of diagnosis and the mother's interview was between 5 and 8 months, which limited the likelihood of survival selection bias. Although, there was potential for selection bias as the most serious cases of CBT were excluded for ethical reasons, the overall participation rate when we included these cases as eligible, was 74.5% which remains higher than some other studies. [12] [13] [14] [15] [16] [17] Our pooled sample consisted of 437 cases, which represents one of the largest studies of CBT to date, although the subtype estimates lacked power. The high case and control mothers' participation rates should have minimized the selection bias. In addition, quota stratification was applied to limit factors that may impact control participation. Data collection for pesticide were done by trained investigators blinded to casecontrol status using a standardized questionnaire which is assumed to have reduced misclassifications.
We were able to classify the cases into histological subtypes of CBT to identify any associated etiological heterogeneity. However, these analyses were limited by small numbers.
In our study, control recruitment depended on the families having a landline telephone, while case recruitment did not. This leaves the possibility of a potential selection bias, including a different distribution of socio-occupational categories, but our findings for ESTELLE did not change when these cases have been excluded, suggesting that this has had little impact. While we do not have data about the proportion of cases who did not have a landline in the ESCALE study, it is likely to have been lower than in the ESTELLE study, since it was conducted 7 years earlier when the use of mobile telephones was less common.
Non-differential errors cannot be excluded, especially among mothers of the oldest children, because pesticide use is difficult to remember and data collection may have occurred up to 15 years after the index pregnancy which may have reduced the accuracy of the mother's recall about her pesticide use. Differential misclassifications also cannot be excluded. Pesticide use may be missed and underreported by all mothers, but less by case than control mothers because of their rumination. However, one 2012 report study showed that maternal-reported pesticide use in an US childhood leukemia survey was similarly reproducible among cases and controls which suggest that differential recall may not have been a major source of bias. 33 As many retrospective studies, we are also lacking precise information on specific chemicals used and exposure doses, and recall of exact time windows may be inaccurate. Nevertheless, we cannot think on how to overcome these limitations when studying a relatively rare disease. We chose to ask mothers if they had used the broad categories of insecticide, herbicide and fungicide as we thought that this would be more reliably recalled than specific products. During the
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Vidart d'Egurbide Bagazgo€ ıtia et al. study period of interest (corresponding to birth years: 1988-2011), the European Union list of restricted chemicals has been modified several times which may have changed pesticide formulations 30 and thus possibly the types of exposures between the ESCALE and ESTELLE studies. However, there is the chance that mothers used products stored in the home, which had been subsequently banned.
Analyses of maternal residential pesticide use could be confounded by maternal occupational pesticide exposure, however, this was extremely rare in our study (2% for case and control mothers) and our findings were similar when we excluded these women. Mothers and children may also be exposed to sources of pesticide exposure not available in the study, such as food intake and/or outside environmental exposure. 30 For example, the 2013 Report of the European Food Safety Authority stated that 45.4% of food samples analyzed contained measurable residues of pesticides. 34 In France, the Agence nationale de s ecurit e sanitaire de l'alimentation, de l'environnement et du travail (French national agency for food safety, environment and labor) reported in 2010 that 43% vegetables food samples analyzed contained residues of pesticides while the rates were lower for fishery products and for livestock products (28% and 8%, respectively). 35 
Conclusion
The findings of this pooled analysis support the hypothesis that the maternal household use of insecticides, during pregnancy may have a role in etiology of CBT. Replications by future epidemiological studies are necessary to verify these findings. Furthermore, explorations of CBT subtypes and dose-response would be useful for a better understanding of biological mechanisms, but due to the relative infrequency of CBT, a multinational collaboration of case-control studies of CBT may be required to obtain adequate power.
